Two new phenanthrene glucosides, named 2'-hydroxy-4,4',7'-trimethoxy-1,1'-biphenanthrene-2,7-di-O-β-D-glucoside (1) and 1-(4-hydroxybenzyl)-4-methoxy-2,7-dihydroxy-phenanthrene-8-O-β-D-glucoside (2), together with three known compounds were isolated from the tubers of Cremastra appendiculata (D.Don) Makino. Their structures were elucidated on the basis of spectral data. Compounds 1-4 showed moderate cytotoxic activity and compound 5 showed weak cytotoxic activity against the two cell lines tested. This is the first reported occurrence of an unusual biphenanthrene glucoside in this plant.
The tubers of Cremastra appendiculata (D. Don) Makino, Orchidaceae, namely "Mao-Ci-Gu" in traditional Chinese medicine, are used for treatment of various cancers and bacterial infections. Previous phytochemical studies of this plant showed the presence of a number of phenanthrene and bibenzyl compounds some of which have been reported to possess cytotoxic activities in vitro [1] [2] [3] . During our search for anticancer compounds from Chinese herbal medicine, we investigated the constituents of C. appendiculata, which led to the isolation of two new phenanthrene glucosides, 2'-hydroxy-4,4',7'-trimethoxy-1,1'-biphenanthrene-2,7-di-O-β-Dglucoside (1) and 1-(4-hydroxybenzyl)-4-methoxy-2,7-dihydroxyphenanthrene-8-O-β-D-glucoside (2), together with three known compounds 3, 4 and 5. In this paper, we report the isolation, structural determination and cytotoxic activity of these compounds.
Compound 1 was obtained as pale brown amorphous powder. Its molecular formula C 43 H 44 O 16 was determined based on the quasimolecular ion peak [M-H]at m/z 815.2551 (calcd, 815.2551) in the HRESIMS. The IR spectrum revealed absorption bands of hydroxy (3396 cm -1 ) and aromatic rings (1617 cm -1 , 1457 cm -1 ).
The 1 H NMR spectrum of 1 (Table 1) showed six pairs of aromatic proton signals consisting of a pair of singlets at δ 7.42 (1H, s, H-3) and 6.99 (1H, s, H-3'), two pairs of doublets attributed to two orthocoupled AB systems at δ 7.45 (1H, d, J = 9.0 Hz, H-9), 7.38 (1H, d, J = 9.0 Hz, H-9') 7.10 (1H, d, J = 9.0 Hz, H-10) and 6.95 (1H, d, J = 9.0 Hz, H-10') and three pairs of signals assignable to two orthometa-coupled ABX systems at δ 9.62 (1H, d, J = 9.6 Hz, H-5), 9. . These data, especially the presence of two deshielded doublets (H-5 and H-5'), suggested that compound 1 was a dimer formed from the combination of two 1,2,4,7-tetrasubstituted phenanthrene units [4] . In addition, fourteen proton resonances from δ 3.10 to 5.07, together with the coupling constant of H-1'' (7.8 Hz) and 1''' (7.8 Hz) , suggested the presence of two β-D-glucose groups, which was further corroborated by HPLC analysis of the hydrolyzed product and comparison with an authentic sample. Furthermore, three aromatic methoxyl singlets at δ 4.24 (3H, s, H 3 -11), 3.88 (3H, s, H 3 -12) and 4.17 (3H, s, H 3 -11') were observed. The 13 C NMR spectrum combined with HSQC experiment exhibited signals for 43 carbons including two oxygenated methylene, ten oxygenated methines, and three methoxyls, along with 28 aromatic carbons (six pairs of protonated aromatic carbons, five pairs of quaternary aromatic carbons, and six oxygenated quaternary aromatic carbons) which were consistent with the deduction of the two 1,2,4,7-tetrasubstituted phenanthrene units, two β-D-glucose groups and three methoxyls.
The structure of 1 was finally established by 2D NMR experiments. The HMBC correlations of H-1'' (δ 4.95) to C-2 and H-1''' (δ 5.07) to C-7 indicated that two β-D-glucose groups were linked to C-2 and 7. The HMBC correlations of H 3 -11 (δ 4.24) to C-4, H 3 -12 (δ 3.88) to C-7' and H 3 -11' (δ 4.17) to C-4', the NOESY correlations of H-11 to H-5, H-11' to H-5' indicated that the three methoxyls were linked to C-4, C-7' and 4'. Then, accounting for the molecular composition, along with the quaternary nature and chemical shift value of C-1 and C-1', the two phenanthrene units have to be directly connected through C-1 and C-1'; the other 1 H and 13 C signals could be attributed by analysis of the 1 H-1 H COSY, HMBC and HSQC spectra ( Figure S1-9 ). Therefore the structure of 1 was NPC Natural Product Communications Compound 2 was obtained as amorphous powder. Its molecular formula C 28 H 28 O 10 was determined based on the quasimolecular ion peak [M-H]at m/z 523.1607 in the HRESIMS. The IR spectrum revealed absorption bands of hydroxy (3416 cm -1 ) and aromatic rings (1616 cm -1 , 1451 cm -1 ). The 1 H and 13 C NMR spectra showed that the structure of 2 also possessed a phenanthrene skeleton, but the substitution pattern and the functional groups were different from compound 1. The 1 H NMR spectrum of 2 showed five aromatic proton signals consisting of two pairs of doublets attributed to two ortho-coupled AB systems at Compounds 3-5 were elucidated as cirrhopetalanthrin [6] , 7hydroxy-2,4-dimethoxy-phenanthrene [7] and coelonin [8] , respectively, by comparison of spectroscopic data with those reported in the literature.
The cytotoxicity of compounds 1-5 was evaluated in vitro against two human cancer cell lines BT474 and SKBR3 using the MTT method, with doxorubicin as a positive control. Compounds 1-4 showed moderate cytotoxic activity and compound 5 weak cytotoxic activity against the two cell lines ( Table 2 ). 
Extraction and isolation:
The tubers of C. appendiculata (35 kg) were extracted 3 times with 90% EtOH under reflux for 3 h. After removal of solvent under reduced pressure, the extract was suspended in water and partitioned with light petroleum, EtOAc and
